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elements of the ISS. There are two cooling loops 
currently on orbit. One controls temperature to about 
40°F and is called the low temperature loop (LTL). The 
second controls temperature to about 60°F and is called 
the moderate temperature loop (MTL) [l]. 
The ISS Internal Active Thermal Control System (IATCS) 
coolant is an aqueous solution controlled by SSP 30573, 
Space Station Program Fluid Procurement and Use 
Control Specification, Table 4.1-2.8 Heat Transport Fluid 
(IATCS). Previous work [2] has described the 
mechanism and effects of permeation of flexhoses and 
gas traps by oxygen. Revision B of SSP 30573 does the 
following to limit corrosion and microbial growth in or on 
the IATCS primary materials of construction (CRES 347, 
Ni 201, BNi-2 braze, BNi-3 braze, Teflon, titanium, 
electroless nickel). 
1. 
2. 
3. 
4. 
5. 
6. 
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Chlorides are limited to less than 1 .O ppm max in 
response to testing which has shown clear evidence 
of pitting corrosion to the primary materials of 
construction in the IATCS. 
pH is adjusted to 9.5 +/- 0.5 with sodium hydroxide to 
slow corrosion and limit microbial growth. 
Sodium borate (800-1200 ppm as B407) is added to 
provide a buffer for pH control. 
Di- or tri-sodium phosphate (200-250 ppm as P04) 
was added to boost corrosion resistance in the 
CRES as compensation for moving away from a 
deoxygenated coolant. In retrospect, this was an 
unnecessary move with negative solubility impacts. 
Dissolved oxygen is controlled to >6 ppm to protect 
oxide passivation of metallic sulfaces. 
Total organic carbon is held to less than 5 ppm to 
limit the food supply for microbes. 
Silver ions are added in the form of silver sulfate (0.1 
to 3 ppm) as an anti-microbial. 
Previous work [2] has also described how early program 
decisions on the use of gas permeable Teflon flexhoses 
in the IATCS coolant system and the unexpected effects 
of higher on-orbit C02 levels have resulted in a lowered 
coolant pH. This has led to increased rates of corrosion 
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in nickel brazed and electroless nickel plated hardware 
throughout the system. There have been consequent 
nickel precipitation events, primarily nickel phosphate 
and/or nickel hydroxide, that have affected component 
performance. 
The silver ions plate out of the coolant within days to 
weeks of being added and are rendered ineffective as an 
anti-microbial. This has created increased levels of 
planktonic and biofilm associated microorganisms. 
Hardware returned on flight LF-1 in August 2005 have 
given the program new insights to the effects of these 
changes in the coolant chemistry on the IATCS 
subsystem components. This paper updates the on-orbit 
chemistry behavior since inception with most recent 
data. It presents a compilation of the known subsystem 
impacts attributable to coolant chemistry, and, finally, it 
presents the current status of the program defining the 
methods by which the coolant chemistry will be 
remediated and stabilized. 
ON-ORBIT COOLANT CHANGES 
The Teflon flexhoses are permeable to C02. The 
elevated C02 levels in the on-orbit atmosphere have 
caused increases in total inorganic carbon (TIC) to levels 
on the order of 200 pprn in the coolant. The C02 has 
also caused a reduction in coolant pH, Figure 1. The pH 
has been fairly stable in the range of 8.4 to 8.5 since 
flight 8A in 2002. 
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Figure 1. Coolant pH as measured in coolant 
samples returned from ISS for ground analysis 
The decrease in pH has been accompanied by an 
increase in dissolved nickel ions within the coolant as 
illustrated in Figure 2. Nickel concentration in the coolant 
has increased at a rate of roughly 2.3 pprn per year since 
late 2003. 
for analysis 
As the p decreased and the nickel ion concentration 
increased, 7 the point was finally reached when the 
phosphatq in the coolant began to combine with the 
nickel to precipitate as nickel phosphate. The falling 
phosphate( concentration is illustrated in Figure 3. It has 
been fairly stable since bottoming out at about 10 ppm in 
early 20051. 
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Figure 3; Phosphate concentration as measured in 
ISS coolant samples returned to ground for analysis 
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The planktonic microbial population, as measured in 
coolant samples returned from orbit, has been elevated 
since flight 7A in July 2001, Figure 4. Counts as high as 
1.4E+07 colony forming units (CFU) per 100 milliliters 
(ml) were ~ measured on flight 11A. There has been a 
steady slw decline in the counts measured in coolant 
samples dince flight 5s to the current level of 6.3E+05 
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Figure 4. Planktonic microbial h 
counts on R2A Agar as measu 
samples returned to ground for analyak 
CONSEQUENCES OF COOLA 
CHANGES 
The principal effect of the changes in c 
the corrosion of nickel braze and 
surfaces in heat exchangers, 
disconnects. While this implies a 
due to a hardware penet 
has yet been detected. 
into predicting hardware life 
increased corrosion 
flight LF-1 has permi 
which were based entirely on ground testing. 
A secondary effect has 
compounds on different su 
has resulted in several hardware failures a M  lk suspect 
in others. 
The planktonic bacterial populations measur d to date 
do not directly affect the functionality of e IATCS 
equipment. Bacterial effects on the crew in t e event of 
exposure to the coolant by accidental in estion or 
inhalation become more of a concern. Thes levels of 
planktonic microorganisms in the coolant I are also 
capable of supporting biofilm formation on fhe wetted 
surfaces of the IATCS. These biofilms mdiy actually 
represent a majority of the microbial bio4ass in a 
recirculated low nutrient system [3]. This cou interfere 
with heat transfer or coolant flow. It coul serve as 
nucleation sites for nickel precipitate formatio . It could 
harbor microenvironments conducive to the growth of 
anaerobic bacteria or acid-producing bacteria I apable of 
accelerating corrosion or pitting. The pits forped in the 
nickel braze by chemical corrosion of the nqn-diffused 
intermetallic nickel are suspected of being cdnducive to 
the formation of such microenvironments. Cqnsiderable 
effort has been expended in ground testing to;determine 
the possibility of microbially influenced corrogion in the 
on-orbit chemistry and with the microbial spegies known 
to be in the coolant. The hardware returned oh flight LF- 
1 has provided some long-needed insight to the actual 
effects of microbes on the on-orbit hardware. 
The principal coolant related anomalies and the new 
information coming from assessments of the hardware 
returned on LF-1 are described below. 
GREEN GAS TRAP, JULY 2001 
The effects of nickel precipitation were believed to be 
first observed in the IATCS in July 2001 when the 
pressure drop across a gas trap installed in the MTL had 
risen to 6 psid from a nominal 4.4 psid last observed in 
November 1999 [4]. The pressure drop across this gas 
trap had been rising even during ground testing of the 
US Lab. The last pressure drop observed on the ground 
before launch was 5.3 psid in September 2000. The US 
Lab was activated on-orbit in February 2001 and by May 
2001, the gas trap pressure drop had risen to 5.7 psid. 
It was returned to the ground in August 2001. The 
hydrophilic membranes had a green appearance as 
illustrated in Figure 5, rather than the normal white. 
Tests revealed no significant microbiological 
contamination. Flushing with de-ionized water, isopropyl 
alcohol, and dilute hydrochloric acid cleaned the 
membrane module. At the time of its removal, the pH of 
the IATCS coolant was still around 9 and had never been 
below 9. Phosphate concentration was still in the normal 
range. Nickel concentration in the coolant was still below 
2 ppm and was never high when the first increases in 
pressure drop were observed on the ground. Analysis of 
contamination from the membrane did reveal some 
nickel, phosphorus, silicon, aluminum and oxygen. It is 
not clear that these compounds were in large enough 
quantities to be responsible for the pressure drop 
observed. It is interesting that even in the surge of nickel 
phosphate precipitation that occurred over an 18 month 
period beginning in March 2002, it was not until one year 
into the process that the MTL gas trap pressure drop 
again reached 6 psid. Chemical modeling of the coolant 
and the fact that it cleaned up with dilute acid suggests 
that the contaminant was likely nickel hydroxide. It is not 
completely clear what role nickel precipitation played in 
the gas trap failure of July 2001, but it did alert the 
program to potential issues with nickel precipitates in the 
months to come. 
Figure 5. "Green Gas Trap" - contaminated with 
nickel precipitates 
GREEN FILTER, OCTOBER 2002 
This filter was installed on the MTL in January 2002 after 
having been seeded with silver phosphate in an attempt 
to achieve some measure of microbiological control. 
After dissolution of the silver phosphate, pressure drop 
fell to the normal 1.9 psid. By October 2002, well into the 
main nickel phosphate precipitation event, the pressure 
drop in this filter had risen to 4 psid. It was replaced and 
returned on flight 9A. Green precipitate was quite 
obvious on this filter as seen in Figure 6. Scanning 
Electron Microscopy/Energy Dispersive X-Ray 
Fluorescence (SEMIEDXRF) analysis clearly showed 
strong nickel and phosphate peaks. Fourier Transform 
Infrared (FTIR) spectrum analysis also closely matched 
that for nickel phosphate. This filter was clearly 
consumed due to nickel phosphate precipitation. 
in red 
Figure 8 i the entire rotor assembly after removal from 
the PPA ith visible green precipitation on the rotor OD 
and at the end. Figure 9 shows precipitates found in the 
bottom of the rotor seal in the stator and Figure 10 
shows th precipitate buildup on the end of the rotor 
(both on I i side of red area in Figure 7). 
Figure 6. Green Filter - contaminated with nickel 
precipitates, primarily phosphate 
PUMP PACKAGE ASSEMBLYl MARCH 2003 
On March 16, 2003, after having experienced eight over- 
current spikes in an 8 hour period, the MTL pump 
package assembly (PPA) seized up and failed. From 
August 2002 until this time, the gas trap pressure drop 
on this PPA had risen from 4 to 6.6 psid. The filter 
pressure drop had not changed since its replacement in 
October 2002. This PPA was returned on flight LF-1 in 
August 2005 and subjected to test, teardown and 
evaluation in February and March 2006. 
Nickel phosphate precipitates were found to have 
blocked passages providing flow and cooling to the 
hydrodynamic and hydrostatic bearings of the pump rotor 
assembly. Figure 7 is a cross-section of the rotating 
assembly with the coolant flow passages highlighted in 
red. 
Figure IU. rrecipnau, on ena OT mor 
The precipitates were all positively identified ad nickel 
phosphate by Scanning Electron Microscopy ($EM)/ 
Energy Dispersive Analysis X-ray (EDAX). 
This failure occurred after about 9 months1 of rapidly 
decreasing phosphate concentration. The cohcentration 
was at about 75 ppm and still over a year from stabilizing 
at about 10 ppm, thus there had been a large quantity of 
phosphate forming in the IATCS at the time the PPA 
failed. The PPA failure mechanism was loss of flow to 
the hydrodynamic and hydrostatic bearings due to a 
buildup of precipitates in the tight flow !passages. 
Without flow, the hydrostatic thrust bearing: collapsed 
and rotor torque exceeded the capability of the PPA 
motor. These MTL flow passages are dmong the 
warmest locations in both coolant loops; Nickel 
precipitates have an inverse solubility relationship to 
temperature, i.e. they are more likely to form at higher 
temperatures. Thus, these passages would have been 
among the most likely points in the loop for precipitation 
to first occur. As the passages became more' and more 
restricted, the temperature of the coolant \nlould have 
increased, exacerbating the rate of precipitate formation 
in the passages and accelerating the demise d the PPA. 
I 
Examination of the gas trap assembly from this PPA is 
expected to also reveal high concentrations of nickel 
phosphate. The current depleted state of phosphate in 
the on-orbit loops mitigates the risk to the operating 
pumps. No additional steps, beyond coolant 
remediation, are necessary to protect the US Lab coolant 
loops from this failure in the near future. This failure 
illustrates the need to keep phosphate out of the 
remaining coolant loops of future ISS elements. 
QUICK DISCONNECT (QD), FEBRUARY 2004 
A temporary reconfiguration of the coolant loops to 
support Soyuz vehicle relocation on ISS left four normally 
mated male and female QDs in a de-mated state for a 
period of approximately 56 hours. Two of the QD halves, 
one male, one female, had water blobs on their open 
faces totaling approximately 100 ml just before they were 
re-mated. The male QD water blob is visible in Figure 
11. 
Figure 11. On-orbit QD leak 
The female QD was removed as part of its hose 
assembly and returned on flight LF-1 for destructive 
analysis. The entire assembly including the female QD, 
male QD and flexhose were all carefully dissected and 
examined by staff from Montana State University (MSU) 
and the Center for Biofilm Engineering (CBE) in August 
and September 2005. The female QD was subjected to 
further examination by materials and processes staff of 
Boeing. Precipitate crystals were found on many 
surfaces of the flexhose and QDs as expected and as 
illustrated in Figures 12 and 13. These were examined 
by the Image and Chemical Analysis Laboratory at MSU 
using a number of techniques including: SEM/ Energy 
Dispersion X-Ray Fluorescence (EDXRF), X-Ray 
Diffraction (XRD) Spectrometer, Auger Electron 
the female QD is currently suspected to be 
at the stop plug after a de-mate cycle due 
normal friction between the OD of the 
and the mating EPR O-ring in the housing 
of coolant precipitates. 
Microprobe, Time-of-Flight Secondary Ion Mass 
Spectrometry (TOF SIM), and X-Ray Photoelectron 
Spectroscopy (XPS). These tests indicated that virtually 
all of the precipitate in the coolant system was nickel 
phosphate. 
Vallryr P Rldges 
Figure 12. Valleys and ridges of flexhose returned 
on LF-I 
. 
highlight F ure '1 ,d in yellow QD crossgection with sticking sleeve 
L Y" 
Figure 15, LF-1 female QD stop plug assembly 
!! I 
Procedura changes requiring the installation of caps or 
plugs on de-mated QD halves have been instituted. 
When this is not possible, the QD is cycled once before 
de-mating lin the hopes of dislodging precipitate. 
There ha& been five other QD failures on the ground in 
I 
IATCS coblant service since February 2004. A % inch 
female Qq, S/N 1109, in the Human Research Facility 2 
(HRF2) pqyload rack either closed very slowly or stuck 
open in October 2004. It stopped leaking after 4 
Figure 13. Heaviest distribution of precipitate, from 
center of teflon flexhose returned on LF-1, showing 
flowerettes of nickel phosphate 
open/closd cycles with a male QD. It had been exposed 
to IATCS oolant for -2 years. 
Another inch female QD, SIN 1075, in the HRF 
prototype ight rack stuck open completely after 10 years 
service in IATCS coolant in September 2005. This unit 
had seen 3 weeks service in de-ionized water while 
mated to Columbus Orbital Facility (COF) male QD in 
Bremen, I ermany in April 2005. This exposure may 
have play4d a role in the failure of this unit, because the 
COF has experienced an extremely high failure rate in its 
QDs in 2005. 
Three W i k h  female QDs, SINS 1121, 1133, and 1134, 
from the I Japanese Experiment Module (JEM), all 
Fluid and surface swab samples for microbes from the 
flexhose and QDs were fundamentally in agreement with 
prior data in terms of species diversity and population. 
There were few surprises except for unexpectedly low 
surface bacteria counts and less biofilm than expected. 
Current speculation is that the nickel environment of the 
coolant and nickel surface deposits is toxic to microbes 
and inhibitory to most biofilm producing species. 
Disassembly of the female QD revealed a modest 
buildup of coolant residues and precipitates on the seals 
and sliding parts, Figures 14 and 15. There was no 
significant corrosion of the electroless nickel plated 
surfaces or any other surfaces in this QD. The cause of 
11, 
experienced very slow, small water 
after approximately 5 years exposure to 
coolant at pH 9.5. 
Active investigations continue for 
These investigations have reveal 
sensitivity in the electroless nickel pl 
female sleeve. These QDs are als 
deposits which can increase fricti 
sleeve and housing O-ring. 
SERVICING AN 
(SPCU) HEAT EXCHANGER (H 
There are many components i 
nickel braze, but only a 
catastrophic hazards. One i 
installed in the USOS Airlock, Figure 16. 
cooling for the Extravehicular Maneu 
when the crew is in the airlock. On 
that HX, the pressure is normally 40 
be as high as 115 psia. The m 
pressure on the EMU side is 
side is not protected by a reli 
should it over-pressurize, th 
liquid cooled undergarmen 
underneath the Extravehicu 
are times in the n 
crewmember is 
HX while suited up and at vacuum. A 
undergarment at that tlma 
of IATCS coolant spilling 
that the crewmember will inhale the coolant nd drown. 
The corrosion study team predicted that the n $nc kel braze 
layer in a normal SPCU HX can be penetrated 
years at pH 8.3 [5]. For that reason, the Airl 
HX was replaced on March 15, 2005 with a 
that had undergone a second braze cycle 
expected to have a life in excess of 50 years 
I 
Figure 16. SPCU HX 
The Airlock SPCU HX was then returned on iflight LF-1 
and subjected to sampling and dissectiorh, first at 
Montana State University with additional disskction and 
analysis at Honeywell, Figure 17. 
Figure 17. 
SPCU HX were visibly clean 
The ITCS passages of the dissected 
Nickel phosphate particles under magnification were 
smaller and less abundant than those found in the 
flexhose returned on flight LF-1 , Figure 18. 
Figure 18. SPCU HX surface distribution of nickel 
phosphate 
Microbial counts on the heat exchanger surfaces were 
less than expected. Nickel and nickel precipitates on the 
metal surfaces are suspected of inhibiting colony growth 
and biofilm formation much like in the QD and flexhose 
that was examined from LF-1. 
This SPCU HX had been exposed to IATCS coolant at 
pH less than 9.0 for 3.75 years. New life calculations 
were made for all single braze cycle BNi-3 components 
like the SPCU HX based on microscopic examination of 
many cross-sections of the braze layer and heat 
exchanger parting sheet from this unit, Figure 19. The 
life of such components in IATCS coolant service was 
extended from 4 years to 16 years. This is the predicted 
troduced to the loop. The program will 
ntil sufficient spare 
expected to be 
the loop, the operations team temporarily 
MTL PPA in single loop mode. This PPA 
ully functioning gas trap. The loops are run 
ode until all the air is expelled from the 
back to its normal 
to date have resulted in 
ies as described 
program to be 
s and there are serious 
its deviation from 
to manage the 
come close to 
solving them as 
the program has 
igh fidelity tests of 
implementation until 
time to penetrate the braze layer. Additional margin on 
life is contained in the underlying 0.006 inches of parting 
sheet. 
I Max Corrosion 
Figure 19. Braze cross-section with pure nickel 
matrix phase and faster corroding intermetallic 
phase nickel 
Significantly greater evidence of corrosion was 
discovered in the EMU side of the SPCU HX. The 
coolant on this side is de-ionized water treated with 
iodine for microbial control. Crevice corrosion was found 
in one location on the EMU 1 loop. Insofar as the EMU 
coolant is quite different from the IATCS coolant, a full 
treatment of this corrosion phenomenon is beyond the 
scope of this paper. The EMU loop for the SPCU HX, 
with its tendency towards crevice corrosion, reduces the 
SPCU HXs life to only 8 years compared to the 16 years 
for other IATCS components. The corrosion team 
investigated the crevice corrosion phenomenon carefully 
and determined that crevice corrosion can be neither 
initiated nor sustained in the presence of the IATCS 
coolant. 
The SPCU HX story is largely a “good news” story from 
the IATCS coolant perspective. It demonstrated that the 
earlier braze life predictions of the corrosion team based 
on ground testing were conservative and provided a 
basis for extending those estimates. It also provided 
sufficient evidence that the program could afford to wait 
on implementing an anti-microbial until full testing of a 
long-term anti-microbial solution could be completed. 
GAS TRAP, IN SERVICE 
The gas trap currently in service with the LTL PPA has 
had an increasing pressure drop since July 2003 [SI. It 
would normally be replaced before the pressure drop 
exceeded 6 psid, but since there have been no 
operations introducing gas to the IATCS loops and since 
there is a shortage of gas traps, this unit remains in 
service. This gas trap exceeded 6 psid in March 2004 
and currently has a pressure drop on the order of 6.6 
psid. Some fraction of the coolant flow is being 
bypassed around this gas trap due to the plugging. This 
condition poses no particular risk to the PPA or gas trap 
decided in 2004 that some combination of 
conditions would need to be met before 
plementation of a chemical solution to the 
ckel and nickel precipitates: 
1. 
2. 
3. 
4. 
tigation of the following items shows 
I precipitates were a contributing cause 
uick disconnect that leaked in 
such as reduced heat transfer rates or 
rbital hardware. 
failure after September 2003 (when 
evels were low) is traced to nickel 
phospl late formation 
It is clear,I at this time, that the “1.a.” and “1.b.” criteria 
t. Pending successful completion of full 
tests of the coolant remediation plan 
ein, program authority to execute the plan 
is actively preparing solutions to the 
t anomalies. A strategy is currently in 
trol the level of nickel present in the coolant 
osphate. A buffer change has been 
identified which will provide for stable pH - 9.5 range. A new anti-microbial is 
compatibility and 
summarized below. 
MODELING 
The IATCS coolant working group has e 
specialists in the modeling of corrosion 
chemistry effects. Products of that effort, like 
diagram in Figure 20, have proven 
understanding observations from 
samples as well as those from tests pe 
ground at beaker, bench and full syste 
models are refined with data and then 
outcome of future tests and remediation e 
.. . . ... ,. I. . ......- ! I  
. .  
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Figure 20. Nickel Pourbaix diagram fpr IATCS 
coolant showing that onorbit equilibrium H lies at 
boundary between nickel hydroxide a r d nickel 
phosphate formation I 3, 
NICKEL REMOVAL ASSEMBLY (NIRA) , 
The IATCS coolant working group has ,performed 
extensive experimentation and perfected the application 
of a chelating resin produced by DOW Chemical for the 
removal of nickel ions from the IATCS coolant. A 
recirculating bench test of the NiRA performed in 200314 
demonstrated its effectiveness at reducihg nickel 
concentration, Figure 21. As the nickel cohcentration 
drops, nickel phosphate crystals distributed throughout 
the test bed were observed to re-dissolve and phosphate 
concentrations returned to their pre-precipitated levels. 
Subsequent bench testing proved the effectlveness of 
additional resin treatments for maintaining a cFnstant pH 
during NiRA implementation. Ground NiRA pnits have 
been produced for experimentation and to suwort nickel 
ion removal from the Node 2 cooling systems while it is 
processed at the NASA Kennedy Space Center (KSC). 
Flight units have been delivered to NASA KSC and are 
scheduled to be carried to orbit on flight 12A.1, Figure 
22. 
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Figure 21. Recirculating bench test results of NiRA 
showing nickel removal (green) and phosphate re- 
dissolution (orange) 
Figure 22. NiRA canister installed in US Lab 
PHOSPHATE REMOVAL ASSEMBLY (PHOSRA) 
Phosphate was added to the coolant primarily as a 
corrosion inhibitor for the stainless steels in the system. 
Corrosion testing has shown that this is unnecessary at 
the pH levels the coolant is experiencing. Its propensity 
for forming nickel phosphate at the equilibrium pH of the 
on-orbit coolant has provided motivation to eliminate it. 
Future elements of the IATCS will be launched with 
coolant that has no phosphate. In order that payload 
racks may be freely moved between the US Lab and 
other on-orbit elements, and to preclude future nickel 
phosphate formation, it will be necessary to remove the 
phosphate from the US Lab coolant. To that end, the 
program has completed an extensive development 
program to adapt a DOWEX ion exchange resin to this 
application. Figure 23 illustrates its effectiveness at the 
bench level for phosphate removal without perturbing pH. 
Two flight units of the PhosRA, based on the NiRA 
extending 
the ISS ar 
routine 
complete, 
US Lab, 
higher pH, 
keep up w 
design, have been fabricated and were delivered in 
January 2006. 
IATCS hardware life beyond the service life of 
d greatly reducing the need to use NiRAs for 
on-orbit nickel removal. When ISS assembly is 
there will be a total of 9 cooling loops in the 
Without a 
9 to 18 NiRAs total would likely be needed to 
th nickel concentrations on all 9 coolant loops. 
Node 2, Node 3, JEM and COF. 
0 60 100 160 200 
Elapsed Time [hrs] 
Figure 23. Bench scale testing of PhosRA resin 
showing phosphate removal effectiveness and 
ability to maintain a relatively constant pH 
BUFFER SYSTEM 
Corrosion testing of the nickel brazed components of the 
IATCS has shown that pH is the most significant factor in 
controlling the corrosion rate of that hardware [5]. pH 
conditions less than 9.5 have a significant effect on the 
corrosion performance of BN-2 and BNi-3 alloys, with the 
biggest increase in corrosion occurring with the drop in 
pH from 8.3 to 7.3. 
Laboratory testing has shown that addition of 0.04 
equimolar carbonate / bicarbonate buffer to the 1000 
ppm borate buffer already in the on-orbit US Lab coolant 
after pre-treatment with NiRA and PhosRA will raise the 
pH to about 9.5. Equilibration of the coolant with the 
C02 in the US Lab atmosphere will lower the pH to 
between 9 and 9.1, Figure 24. 
Figure 24. 0.04 molar carbonate / bicarbonate (red) 
pH vs time while being sparged with airlCO2 at US 
Lab concentrations 
This synergy between the buffer and the natural US Lab 
atmosphere to control the coolant pH is a valuable 
Silver has been shown to be ineffective and have 
potentially ~ adverse long-term effects on IATCS 
The program has investigated 
replacem pone$. nt anti-microbials for several years. From the 
studies o 2003, Glutaralaldehyde was selected for 
certificatio b and found to be effective, reasonably stable 
and did npt exhibit any materials compatibility issues. 
Glutaralaldehyde was, however, challenged in 
implemenbtion due to having a Minimum Inhibitory 
Concentration (MIC) roughly equivalent to the 
concentration for which the on-orbit contaminant control 
systems could maintain the atmospheric 180 day 
Spacecraft Maximum Allowable Concentration (SMAC). 
Higher Concentrations of Glutaralaldehyde carried 
toxicological and crew health concerns which 
- 
0 im 
Figure 25. OPA stability at 20X MIC 
Based on the evaluati 
proceeding with only a single anti-micro 
selected as the new anti-microbial. M 
testing will be conducted once the b 
validated through modeling. 
A DOWEX adsorbent resin was sel 
OPA in the on-orbit system. The re 
canister (Le. refurbished NiRA or P 
a precise, safe delivery of the anti-mic 
orbit use concentration 
MIC. The coolant has been assi 
zero for this concentration of OPA. 
Measurement of OPA in the on-orbit system ill be via 
test strips, which are also under develo ment, by 
tailoring existing test strips used in the medical field. 
IMPLEMENTATION SCHEDULE 
An overview of the coolant remediation plan and 
implementation schedule is shown in Figure/ 26. The 
plan calls for a full Scale system test in the Marshal 
I 1 
r 
drove the Space Flight Center (MSFC) US Lab Module Simulator 
beginning with NiRA testing in May 2006. This test is 
intended to mimic the on-orbit implementation with 
accelerations where stable equilibrium conditions allow. 
I Cool&ntRcmediatian ICY ’05 I CY ‘06 I CY ‘07 
Sohedule 
S h a e  Flights 
NiRA Delivery 
W R A  Delivery 
Buffer Delivery 
Antimicrobial Delivery 
Systdm Test 
NiRA/PhosRA/B&cr 
~ d e t o b i d  
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Figure 26. Coolant Remediation Schedule 
The planned implementation scheme on-orbit would be 
to deliver two N i M  units on flight 12A.1 in October 2006. 
One unit would be installed with the US Lab configured 
to a single combined coolant loop during the 12A.1 
Stage. This unit will stay in the loop for a minimum of 10 
days. Within 3 days of removal, a coolant sample will be 
taken for return on flight 13A and the second unit will be 
installed. The second unit will remain in the loop for a 
minimum of 40 days and be removed from the loop no 
more than 6 weeks before flight 13A.1. 
Two PhosRA canisters are manifested for launch on 
13A.1 in April 2007. Each will be installed for a minimum 
of 24 hours during 13A.1 docked operations. A coolant 
sample will be taken before the first PhosRA is installed 
and after the second PhosRA is removed. Two spent 
NiRAs, two spent PhosRAs and two coolant samples 
would then all be returned on flight 13A.1. The PhosRA 
canisters include a small fraction of NiRA resin to clean 
out residual nickel that redissolves into the coolant after 
the last NiRA was removed. At this point, the nickel in 
the US Lab coolant will be at less than 0.2 ppm and the 
phosphate will be at around 30 ppm. There will be some 
increase in nickel concentration between the end of 
13A.1 and the beginning of the next flight, but its effect 
on the system is expected to be negligible. 
The four canisters returned on flight 13A.1 will then be 
refurbished into an additional PhosRA, a Buffer Delivery 
Assembly (BuDA), an Anti-microbial Addition (AmiA) 
canister, and an Anti-microbial Removal Assembly 
(AmiRA). All four devices will be launched on either flight 
15A or 1 OA, whichever occurs first, in August 2007. 
The PhosRA will be installed on the flight that it is 
delivered, after taking a coolant sample and during 
docked operations. This unit also contains a fraction of 
NiRA resin and will reduce the nickel concentration to 
less than 0.2 ppm while reducing the phosphate 
concentration to around 10 ppm. It will remain in the 
loop for a minimum of 24 hours and then be removed. 
The BuDA canister will then be installed in the loop to 
inject the carbonate / bicarbonate mixture. This will 
require only a few hours to complete. Finally, the AmiA 
canister will be installed to deliver the OPA. This will 
take a couple of hours. This will complete the coolant 
remediation of the US Lab. The spent PhosRA, BuDA 
and AmiA canisters will all be returned on the same flight 
they were delivered. 
OTHER ELEMENTS 
It was decided to fill Node 2 with SSP 30573 Rev. B fluid 
modified to delete the silver and phosphate and lower pH 
to 8.4 by sparging with C02 in April 2005. 
Glutaralaldehyde at 200 ppm was added for microbial 
control. This coolant is circulated through the Node 2 
loops 5 days per week, 8 hours per day using ground 
support equipment pumps as ground operations allow. 
Ground NiRA units are installed to remove nickel. The 
intent is to remove as much intermetallic nickel from 
Node 2 on the ground as possible, so as to minimize the 
necessity to use NiRAs in Node 2 on orbit. All hardware 
life predictions for Node 2 are based on this chemistry 
and are not an issue. Figures 27 and 28 show the 
nickel concentrations in the Node 2 loops since this 
coolant has been added. These demonstrate the 
effectiveness of the NiRA for controlling nickel in actual 
flight hardware loops at the on-orbit pH conditions. 
0.5 - 
Figure 27. Node 2 LTL Nickel 
Node 2 is closed out for launch, this coolant 
However, both chemical modeling and 
mpatibility testing were still in progress in 
nd the Node 2 flight closeout schedule would 
was successful. 
efined in the waiver consists of de-ionized 
asis, with the following additives: 800 - 1250 
, 1300 -1500 ppm sodium carbonate (as 
4200 - 4600 ppm sodium bicarbonate (as 
75 - 105 ppm OPA. The pH of the coolant 
d operations will be 9.4 - 9.5 and will 
orbit to 9.0 - 9.1. equilibr 
n the new formulation are on- 
Partners. The JEM has 
KSC and will require 
prior to launch. Discussions 
Agency (ESA) on the COF, 
be shipped from Bremen, 
in the spring of 2006, has 
to wait on completion of 
fill the Columbus IATCS at 
nch. The flight coolant 
these elements will be documented in 
to Node 2 with a plan to eventually 
rmulation in a revision to SSP 30573. 
CONCLUSION 
Early program decisions on the use of gas permeable 
Teflon flexhoses in the IATCS coolant system and the 
unexpected effects of higher on-orbit Con levels have 
resulted in a lowered coolant pH. This has led to 
increased rates of corrosion in nickel brazed hardware 
throughout the system and precipitation events that have 
affected component performance. The lack of an 
effective anti-microbial in the IATCS coolant has created 
increased levels of planktonic and biofilm associated 
microorganisms. The program is now well entrenched 
in a comprehensive program of test, analysis and 
development of the tools and devices required to drive 
the coolant chemistry to a stable and effective chemistry. 
The program is in the process of finalizing the 
implementation details with the ISS operations team and 
completion of the US Lab coolant remediation is 
expected by the end of calendar year 2007. 
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